Résumé. 2014 Abstract. 2014 We derive from the linearized version of the dynamical integro-differential equation satisfied by small deformations of a 2-D needle-crystal the equations of evolution of a Zel'dovich wavepacket (a localized deformation starting from the tip region with a characteristic wavevector in the unstable region of the local planar spectrum). We define the conditions under which the « locally planar » type of description put forward by previous heuristic theories is valid. We find that the time evolution of the wavevector and spatial width of the deformation is primarily governed, not by the Zel'dovich stretching effect, but by a « differential amplification » effect due to spatial localization, which was up to now ignored. We show that, due to the parabolic shape of the basic front profile, the corresponding equations have an « asymptotically marginal » solution (the wavevector locks on the local marginal value, the amplitude saturates), thus strengthening the plausibility of the side-branching scenario based on transient amplification.
-what is the mechanism responsible for sidebranching, and how can one predict the associated characteristic wavelength ?
The considerable effort spent in the last few years on the problem of the needle-crystal (steady-state quasi-paraboloidal solution of the growth equations), which can now be considered as solved [1, 2] at least in two dimensions -appears as providing an answer to the first of these questions. Moreover, very good agreement is found [3] between the values of V and p predicted by the needle-crystal theory and those obtained by Saito et al. [4] [1] . The numerical work of Kessler and Levine [2] points to the linear instability of all but the fastest of these, a result which has been most recently proved analytically, in the small anisotropy limit, by Bensimon et al. [5] . We will from now on refer to this solution as « the » needle-crystal. The nature of the mechanism leading to sidebranching of the steady needle-like front profile remains an essentially open question. Among the possible qualitative scenarios which have been proposed [6, 7] , the most physically attractive one was first proposed by Pelc6 [8] , who adapted to the dendrite problem a heuristic argument developed by Zel'dovich to account for the stability of flame fronts [9] .
The basic idea of this scenario is that the bifurcation towards the branched structure is subcritical, which implies that the needle-crystal is linearly stable (1) . .
However, there exists a class of localized perturbations which exhibit a strong enough transient amplification for noise to drive the system across the branching bifurcation.
More precisely, the content of the Zel'dovichPelcd argument is the following : consider a small front deformation starting from the tip region, with a spatial extension small compared with the tip radius p, and a characteristic wavevector in the direction tangent to the front qt. Such a perturbation evolves approximately as the corresponding mode of a planar front with normal growth velocity V cos 9, where 0 is the angle between the growth direction Oz and the local normal to the front, that is with an amplification rate given by the Mullins-Sekerka (MS) spectrum [1] (2) : depicted in figure 1. do is the usual capillary length, and D the heat diffusion coefficient (here assumed to be the same in both phases).
It is then natural to concentrate specifically on the « most dangerous &#x3E;&#x3E; perturbations, i. e. those with an initial qt of the order of q. = (V cos B /6 do D )112 (see Fig. 1 ).
(1) This is substantiated by Kessler and Levine's [2, 11] numerical study of the linear spectrum of « the » needlecrystal, which they find to contain only stable modes.
(2) This expression assumes that qt &#x3E; ln Vcos0/2D, where 1 n is the heat diffusion length associated with the normal velocity V cos 0, which is realized in the case considered here. That is, as time lapses, the deformation recoils with respect to the tip and qt decreases. At the same time, the normal velocity V cos 9 also decreases, thus reducing the scale of the unstable part of the local MS spectrum. qt is found to cross the local marginal value qo (see Fig. 1 ) at the finite time tc, after which the fluctuation becomes linearly stable.
The same kind of argument can be applied to the Saffman-Taylor problem [8, 10] (3) reduces to the usual stationary equation [1] .
In the absence of surface tension (do = 0), equation (3) The Péclet number p = p /1 is related to L1 by :
As is now well known, the introduction of capillarity breaks the degeneracy of the Ivantsov family, reducing it, in the presence of an anisotropy of the surface tension, to a discrete set of needle-crystal stationary solutions, the fastest of which is the only non-unstable one [2] . For a small fourfold anisotropy such that : the needle-crystal is characterized by [13] [14] [15] :
with u 0 a number of order unity.
What we are interested in is the evolution of a small deformation 5' (x, t) of the needle-crystal front profile. That is, we want to linearize equation (3) We now make the assumption that the u-integration in A, is completely controlled by the first (Gaussian) exponential, centred at u = uo, and that one can safely neglect the variations of the second exponential around uo. We then obtain :
where:
Note that the fact that S, (x, t ) is localized in space imposes S" 0.
The The second and third terms describe the flattening of the deformation caused by the « stretching of the wavelength ». This effect, first identified by Zel'dovich et al. [9] , has also been discussed by Bensimon et al. [10] in the frame of the SaffmanTaylor problem. What appears from equation (40a) is that the stretching effect for a localized perturbation is that, not on q, but on S' -which introduces the new term -a xo xo/pq 2. 
